We treated surgically 16 shoulders with an isolated traumatic rupture of the subscapularis tendon over a six-year period. Nine patients had a total and seven a partial tear of the subscapularis tendon. Repair was undertaken through a small deltopectoral groove approach. The mean Constant score improved in total tears from 38.7 to 89.3 points (p = 0.003) and in partial tears from 50.7 to 87.9 points (p = 0.008). The total tears were significantly more improved by surgery than the partial tears (p = 0.001). The delay between trauma and surgery was inversely proportional to the improvement in the Constant score suggesting that early diagnosis and surgical repair improves outcome.
The majority of subscapularis tendon tears are degenerative in origin and associated with rotator cuff tears. [1] [2] [3] [4] [5] [6] [7] Isolated partial or total tears usually occur following trauma. Lesions involving the concealed portion of the subscapularis tendon may not be detected arthroscopically and the repair has to be performed through a deltopectoral groove approach. 8 To date, limited information exists regarding the outcome of surgical management of isolated subscapularis tendon tears. 9, 10 This study compares the outcome of total and partial isolated subscapularis tendon tears treated surgically.
Patients and Methods
Between 1994 and 1999, 16 isolated traumatic ruptures of the subscapularis tendon were treated surgically. The mean age of the patients was 46 years (27 to 64), 14 were male. The dominant shoulder was involved in 15 patients (Table I) .
After physical examination, radiographic evaluation, dynamic sonography, 11 MRI 12-14 and arthroscopy, the repair of the subscapularis tendon was performed operatively through a deltopectoral groove approach. Nine patients had a total rupture and seven a partial rupture, usually involving the upper part. The tendon was identified and adhesions released. 15 Further fixation was performed in seven cases with Mitek GII-anchors (DePuy Mitek; Johnson & Johnson Co, Norwood, Massachusetts) into the lesser tuberosity, in seven cases with a transosseous fixation using a modified MasonAllen stitch technique 16 and in two cases with a direct tendon to tendon suture. Post-operative rehabilitation included early passive mobilisation with pendulum exercises and limited external rotation and abduction. After four weeks active-assisted forward elevation and limited active-assisted external rotation was allowed under the guidance of a physiotherapist. The amount of external rotation was increased gradually over six weeks until the level which had been established at surgery was regained. After three months, strengthening exercises were begun.
Patients were assessed at a mean follow-up of 36 months (28 to 48). They were asked to rate their shoulder function subjectively as excellent, good, fair or poor and to grade pain as none, mild, moderate or severe. They were all assessed using the Constant score. 17 Statistical analysis was performed using the Friedman test and different sized defects were compared using the unpaired Mann-Whitney U test. Statistical significance was set at p < 0.05.
Results
In 11 cases (including all the complete tears), the mechanism of injury was hyperextension or external rotation of the abducted arm. 18 One patient injured his shoulder chopping wood, three were skiers and four were injured while attempting to prevent a fall down stairs. One athlete twisted his shoulder during a javelin throw and two handball players were blocked whilst throwing. Four patients with partial tears sustained a direct blow to the shoulder and one was involved in a motor vehicle accident.
Upper limb
Of the 16 shoulders, nine were referred to our hospital from another institution. Of the seven patients with partial tears, six were misdiagnosed as subacromial impingement or glenohumeral instability.
These patients were initially managed with physiotherapy and non-steroidal anti-inflammatory medication for a mean of 4.7 months (3 to 7). By contrast the total tears underwent surgical repair a mean of 0.9 months (0.25 to 2) after injury.
At the time of initial presentation, 13 patients described moderate pain, mostly related to physical activity. Seven patients reported night pain.
Limitation of daily activity was reported in all cases. Physical findings were anterior tenderness and limited active internal and external rotation due to pain and weakness. The Jobe test was positive in four patients, the Yergason test positive in five and the lift-off test was positive in 13. The lift-off test and the Napoleon sign were always positive in cases of total tear. In the seven cases with a partial tear, the lift-off test was positive in four and the Napoleon test in one (Table I ). In comparison with the contralateral shoulder, passive external rotation was increased in the symptomatic shoulder by a mean of 15˚ (5 to 30).
Ultrasound examination revealed a lesion of the subscapularis tendon in 11 cases and MRI in 15 cases. 10 The MRI was positive in all nine total tears and in six of the seven partial tears (Figs 1 and 2) . All of the lesions were identified at arthroscopy (Fig. 3) but the extent of the tendon injury could only be defined after open surgery. 19 Of the 16 patients, 15 subjectively rated the result as excellent or good (Table II) . One patient with delayed mobilisation due to post-operative haematoma developed a stiff painful shoulder and required manipulation under Axial T1-weighted MR image (TR: 970 msec, TE: 27 msec) of the right shoulder demonstrating a complete lesion of the subscapularis tendon (arrow). The tendon is retracted behind the coracoid process.
anaesthetic. The mean Constant score rose in partial tears from 50.7 to 87.9 points (p = 0.008) and in total tears from 38.7 to 89.3 points (p = 0.003). Prior to surgery those with partial tears had better function than those with total tears (p = 0.002). After surgery those with total tears improved by a mean of 13.6 points more than the partial tears (p = 0.001; Table III ). There was no significant difference in the outcome between the three methods of fixation. After three months all patients had good function of the subscapularis muscle (Table II) . All patients returned to their previous employment and 14 to their previous sports activities. A reexamination after two years revealed no deterioration in the results. The patient with frozen shoulder had recovered by two years. The delay between trauma and surgery was inversely proportional to the improvement in the Constant score. The Spearman coefficient of correlation was -0.89 in complete and -0.95 in partial tears (Table III) .
Discussion
Subscapularis tendon lesions are difficult to diagnose by clinical examination alone. Non-specific pain in the affected shoulder often prevents a detailed examination which may reveal classical signs such as increased passive external rotation and a positive 'lift off' or 'apprehension test'. 6, 20, 21 Careful attention to the history of injury, which usually involves forceful external rotation and hyperextension of the abducted arm, a detailed examination and appropriate imaging are most likely to lead to the diagnosis of complete tears. 22, 23 For partial tears the lift-off test was positive in 57% and the Napoleon sign in only 14% making diagnosis by examination alone much more difficult. 19 
Fig. 3
Arthroscopic view of a full-thickness tear (arrow) of the subscapularis tendon six months after injury. H, humeral head; G, glenoid. Recent anatomical analysis of human cadaver shoulders has shown that the arthroscopically visualised portion of the subscapularis tendon represents only a small percentage (less than a third) of the entire tendon because it is mostly veiled by the middle and inferior glenohumeral ligaments. Therefore, lesions involving the concealed portion may not be detected arthroscopically and require an open surgical procedure. 8 In our study all lesions could be identified arthroscopically because even the partial lesions involved the upper portion of the tendon. In our cases it was not possible to distinguish partial from complete tears by arthroscopy. It is possible, however, by arthroscopy to confirm that no other tendon injury has occurred. 24 We found no differences between the three surgical techniques used but the number of patients was small and the study was not designed to compare surgical techniques.
In comparison with complete tears partial tears were less symptomatic (p < 0.05), more often misdiagnosed and were subject to greater delay prior to surgical repair. Partial tears improved less after surgery (p < 0.05). Delay between trauma and operation was inversely proportional to the quality of the result.
We propose that careful clinical and radiological examination will lead to early diagnosis and repair with consequent improved outcome. 25, 26 No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article.
